Abstract. To meet the core requirements of small size and high power of fuse power source, we have designed an electromagnetic vibration-based generator structure, which is based on the principle of relative motion between a permanent magnet and a coil. Through the theoretical model and simulation analysis, we have obtained that the generator's peak voltage is more than 6.36V in 4 cm 3 under a specific excitation.
Introduction
In order to effectively improve the projectile damage, many kinds of intelligent fuse arise today. However, a self-supplied power is required to keep the internal circuit of fuse operating normally. So it's a remarkable significance to study a novel fuse power [1] . Electromagnetic vibration energy harvesters are widely used in fuse due to their unique properties, such as anti-high overloading, transient high power and miniaturization power in fuses, which are attracting more and more attention from academic and industrial field. In this paper, an electromagnetic vibration-based generator has been designed to supply the fuse.
Theoretical Model
Structure Design Figure 1 . shows the structure of an electromagnetic vibration-based generator. The movable permanent magnet as mass is supported by two springs fixed to the both ends of the housing. A coil, moving with the housing, is mounted inside the housing at the same height as the permanent magnet. When the housing experiences excitation, the permanent magnet and the coil have a relative motion, which leads to generate voltage in the coil. The current-carrying coil generates reaction force to the magnet in the closed circuit, which hinders the vibration of the permanent magnet. For the designed structure, it is simplified as the electromechanical coupling system including the mass-spring-damping vibration element and the electromagnetic harvesting element, as shown in Fig.2 , where m, k, and c denote the equivalent mass, stiffness, and damping constant, respectively.
Moreover, x (t) and y (t) are the displacements of the mass and the housing respectively. z (t)= x(t)-y(t) is the relative displacement of the mass with respect to the housing [2] . 
Theoretical Analysis
The electromechanical coupling system analyses has been undertaken in order to predict the output performance of the generator. For a triangular excitation acceleration posed to the housing.
the following differential equation of motion is obtained [3] mz(t) + cz(t) + kz(t) = -ma(t)
The solution to Eq. (1) is given by
cos w t -, I = e sin w t -
where n ω is the natural frequency of the system , ζ is the damping factor and The mechanism of the electromagnetic element is based on Faraday's law which is stated as follows [4] :
where V is the induced voltage, N denotes the number of turns in the coil,
is the magnetic flux through the coil ,R is the radius of the coil,and B is the magnetic flux density. For the Structural of an electromagnetic vibration-based generator, So Eq. (4) becomes
Therefore, the output performance of the generator is only determined by the structural design and the external excitation [5] .
Simulation Analysis Parameters Simulation
Based on the theoretical analysis, the model is simulated with Ansoft Maxwell software. It will be discussed the effects of the size of the permanent magnet, the distance between magnet and coil and turns of coil on peak output voltage of electromagnetic harvesting element in the following parts. The specific parameters of the structure size and the material used in the simulation model are shown in Table 1 . The magnet movement range is limited to (0, -2) to (0, + 2) to satisfy the requirement of a small size. To deduce the amount of simulation calculation, velocity of the permanent magnet is set to 1m/s. 
Effect of the Size of the Permanent Magnet on Peak Output Voltage
The p ermanent m agnet p rovides a m agnetic f ield i n the electromagnetic harvesting element. A cylindrical permanent magnet is used in this generator, whose size parameters contain diameter and height. Simulations have been done to investigate the effect of the size of the permanent magnet on peak output voltage by only changing the diameter or height of the permanent magnet. Fig. 3 shows the relationships between peak output voltage and the size of magnet. It can be concluded that the peak output voltage increases with the size of magnet increasing. 
Effect of the Distance between Magnet and Coil on Peak Output Voltage
Simulations have been done to investigate the effect of the distance between magnet and coil on peak output voltage by onl y c hanging t he distance. Fig. 4 s hows t he r elationship be tween pe ak out put voltage and the distance. It can be concluded that the peak output voltage decreases with the distance between magnet and coil increasing. 
Effect of Turn Number of Coil on Peak Output Voltage
According to the theoretical analysis, the more the number of turns N, the more energy it generates. There are two ways to increase turn number of coil are:(1) Increase number of layers, the number of coil layers determines thickness of the coil.(2) Increase number of turns per layer, the number of turns per layer determines height of the coil.
Simulations have been done to investigate the effect of the thickness of the coil on pe ak output voltage by only changing the thickness. Fig. 5 (a) shows the relationship between peak output voltage and thickness of the coil. It can be concluded that the peak output voltage increases firstly and then approaches a constant value with thickness of the coil increasing. Therefore, the effective magnetic field only distribute in a small region due to the small volume of the permanent magnet. When the thickness of the coil has already exceeded the effective region of the magnetic field, it turns out to be invalid for the induced voltage.
Simulations have been done to investigate the effect of the height of coil on peak output voltage by only changing the height. Fig. 5 (b) shows the relationship between peak output voltage and height of the coil. It can be concluded that the peak output voltage increases firstly and then decreases with thickness of t he c oil i ncreasing. This phe nomenon i s c aused by t he l imited motion range of the permanent magnet. W hen t he he ight of t he c oil i s m ore t han 2 t imes of the p ermanent magnet's movement, the change of magnetic flux in the coil is not obvious, which leads to the less voltage. It can be c oncluded t hat it is mo re a dvantageous t o i mprove t he m agnetic f lux r ate of t he c oil a nd increase the peak output voltage when the height of coil is equal to the distance of the permanent magnet's movement. 
Output Performance of an Optimal Generator
Based on the simulation results, an optimal electromagnetic vibration-based generator to satisfy the requirements of s mall vol ume and hi gh power has be en de signed, w hose s tructure parameters ar e shown in Table 1 . For a specific triangular excitation, whose peak value and pulse width is 20000g and 200μs, respectively. A dynamic simulation of the designed generator model has been carried out in Ansoft Maxwell, obtaining the relationship curve of the induced voltage with time shown in Fig. 6 . It follows that the maximum output voltage of the generator is 6.36V. 
Summary
An electromagnetic vibration-based generator has been designed in this paper. The theoretical model including both the mechanical vibration element and electromagnetic harvesting element has b een established. The simulation analysis has been carried out to optimize the design of the generator. An optimal generator has been obtained depending on all the analysis.
